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ABSIEACT . , 

Designed to meet the jobirelated metric oeasulremeiit 
needs of auto mechanics students, this instructional Fackajge is one 
of four fox the transportatioa occupa^tions cluster, part -of a set of - 
55 packages .for metric iiistruction in different occupations. The 
package is intended for students who already know the occupational 
terminology, measurement terms, and tools curreni:ly in use. Each of 
the five units in this instructional package contains > p6rformance- 
ob jecti)ve?', learning."activities',vand supporting information in the 
form of text, exercises, and tables. In ataditidn,- suggested tearching 
techniques are included. At "the back of the package are 
objective-based evaluation items, a page of an:STiers to the exercises 
and tests, a '-list of metric materials heeded for the activities, 
references, and a list of suppliers. The . inaferial is, designed to 
accommodate a Variety of individual teaching and learning styles, ^ 
e.g4, independent study, small group, or whole-class activity. ' 
B-xercises are intended facilitate experiences with measurement ^ 
instruments, tools, and devices used in. this occupation and ■ 
job-related tasks of estimating and measuring. . Dnit^I, a general, 
introduction to the metric system 'of .measurement, provides informal, 4 
hands-on experiences for the students. This unit enables students to 
become familiar with the basic me,tric units, their symbols,* and 
iaeasurement instruments; ^nd to develop a set of mental references 
for metric values. The- metric system of notation also is explained. 
Unit 2 provides the metric terms which are used in .this occupation 
and gives experie.nce with occupational measureme'nt tasks. Unit 3 
focuses on job-relajbed metric eguivalejits and their relationships^ 
Unit A pro,vid€£ experience, with recxfgnizing and using metric 
instruments "and tools in occupational measuresaent tasks. It alsko > 
provides experience in comparing metflrc and customary measurement 
instruments. Onit 5 is .designed to give students EF^^tice in / 
:nvettinQ cust^ary and metric mearsurements^ ^T^^ill considered 
seful during tfe transition to metric in each occufiation. (HD) ^ 
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TEACHINGAljD LEARNING 
THE METRIC SYSTEM. 

. This metric instructional package was designed to meet job-related' 
metric measurement needs oPstudents.' To use^this' package students 
should already know the occupational terminologyv measurement 
terms, and tools cunently in use, These materials.were prepared with 
the help of experienced vocational teachers, reviewed by experts, tested 
in classrooms in different parts of the United States, arid Revised before^ 
distribution. 

Each of the five units of instruction contains performance cJbjec- , 
tives, learning activities, and supporting information in the form of 
text, exercises, and tables. In jdditioii, suggested teaching techniques 
are included. At the back of this package are objective-based evaluation 
items, a page of answers to the exercises aiid tests, a 0st of metric 
materials needed for the activities, references, and a list of suppliers. 

^ ' , ' . 

Classroom experiences with this instructional package suggest the 
' following te^ching-leayning strategies: ^ ^ 

' ' ■/ 

1.. Lfet the firpt experiences be informal' to make learning the metric 

system fun*. ' ' 
2 Students learn better when metric units are compared to familiar' 

objects. Everyone. should learn to "think metric." Comparing 
... metric units to customary units can be confusing. ^' . 
3,. Students will learn quickly 'to estimate and measure in metric un its 

by "doing." 

4: Students should have experience with measuring activities before 
getting too much information. ^ 



• - IM2 provides the metric terms which are used in this occupation 
and gives experience with occupational measurement tasks, , 
',,»'■ ' ' ' 

Units focuses on job-related metric equivalents and their relation- 

" ships. '. . ■[• • ■/ ' I 

• Unit 4 provides experience with recLizing and using m?^Hc 
instrulS and,tools in occuJ)ational measurement tasks, it also pro- 
i. vides experience in comparing metric and customary measurement m- 
struments. , , , 



6, Move through the units in an order which emphasizes the sim- 
•\ plicjty -of the fnetric system (e,g„ jength tp area .to. volume). 

^. Teach one concept at a time to ayoidoverwjhelming students with 
too much material. , • ■ , 

Unitl is a general introduction to the metric system of measun^ 
ment which provides informal, hands-on experiences for the students. 

■ This unit enables students to becdme familiar with the basic metric 
units, their symbols, and measurement instruments; and to develop a 
set of mental references fot metric values. The metric systeir^of nota- 

„_,<d_jo is explained., ' . » 




' Unit 5- is designed to give students; practice in converting custom- 
ary anTiitric measurements. Students should learn to "think metnc 
and avoid-jcomparing customary arid metric uniU. However, skjil with 
conversion tables will be useful d.uring the transition to metnc |n each 
occupation. • < \ ; ' 

Using These Instructional Materials ^ , ! t 

■ This package was designed to,help students learn a core knowl- 
edge -about the. metric system which they will use on the job. The 

'exercises facilitate experiences with measurement instnimejits, tools, 
and devices used in %% occupation and job-relateji tiisks of :estimat|ng 
and measuring. ■ ' • ■ • 

This iit^ffuctional package also was designed to accommodate a 
variety of individ>ial teaching arid learning styles. Teachers are encour- 
aged to adapt these materials to their own classes. For example, the 
information sheets may be given to students for self-st^dy. References 
may be used as suppler ental resources. Exercises may be used m inde- 
pendent study, small' groups, or whole-class activities; All of the. 
materials can) be expanded by the teacher. ■; 

, . , Gloria S Cooper ^ 

• " ■■ " Joel. HT Magisos 

flditors ■ 



mpu8l,cai,onw« developed pu-suam,ocomr«tNo, OEC^.74.9335 ai. -h. 
Bureau of Occupational and ^dult Educaiion, U.S, 0«)artmentof Healih, Educa^ 
„on and WeKa-e. However. , he opinions e«pr««d, Herein do not necesMri Y 
reflect the poJinon or policy of the U,S. Off« of Education and no off«ial 
endor«menibvtheUS Office of Education ihould bo inferred. 
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UNIT 



SUGGESTED TEACHING SEQUENCE 

These- introductory exiccises may require 
two or three teaching periods for all five 
areas of measurement. 

Exercises should be followed in the orders/ 
given to.best show the relationship 
^ between length, area, and volume. 

3! Assemble the metric measuring devices 
(rules, tapes, scales, thermometers, and 
measuring containers) and objects to be 
measured.* 

4. ,Set up the jequipmeirt at work stations 
for use by the whole class or as individu- 
alized resource activities. 

5. ' Have the students estimate, measure, and 
record using fij^ercises 1 through 5. 

6. Present information on notation and' * 
make Table 1 available.; 

7. Follow up with group discussion of 
activities. 



OBJECTIVES 



■,1 



The student will dembnstrate these skills for the Linear, Area, Volume br Capacity ,^ass," and 
Temperature Exercises, using the metric terms and measurement^devices listed here. 



♦Other school departments may have devices which 
can be used. Me[ric suppliers are listed in the reference 
. section. ' . 
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EXERCISES 1 


SKIILS 


Lineii 




Volume or CipKity 




Ternpcritun 




(pp.} -4) 


' (pp. 5 -6) 


: (pp. 7. 8) 


(pp.9 -10) 


' (p. 11) 


1. Recognize and use the 
unit^nd itiiymbol for; 

2 Select, UK, and ffid the 
ippropriite metfuring 
inttrvmenU for: 

3. Stiteorihowi 
phyiici: i^f^rence for: 


i 

III II 1 llllvtl C \ III III f 

centimetre (cm) 
metre (m) 

1 


centimetre 

(cm^) 

iqiiire 
metre , 


^ nihip rpnii- 

V UUIL ^Cllll 

rfietre (cm^) 
'cubic metre 

litre (1) 
millilitre(ml) 


irram lo\ ' 
jrim \g| 

kil9grim (kg) 


(°C) , 


\. Eilimite within 25% 
of the ictuil meiture 


height, width, or 
length of object! 


the irei of 
■ 1 given lurfice 


cipicityof 
contiinen 


the mi^ of objecti 
in gnmi ind kilo- " 
gnnu 


the temperitureof 
^ the lir or 1 liquid 


1 ^id^correctly 


metre itick, metric 
tipemeifure,ind 
metric rulert 




ytneuuremenli 
I on gnduited 

yioWm roiaiur- 

jjig devicei 


1 kilogrim icile 
indi grim telle 


A CeitiuUhermometer 



RULES OF NOTATION ' c. - 

1. Symbols are n6t capitalized unless the unit is a proper name (mm not MM). 

2. Symbols are not followed by periods (m not m.). ' \ * 

3. Symbols are not followed by an s for plurals (25 g not 25 gs). . . 

4. A space separates the numerals from the unit symbols (4 1 nol 41). 

5. Spaces; nokommas, are used to separate large numbers into groups of three 
' ' digits(45271 kmnoM5,271km). 

6. A zero precedsftR^decimal point if the number is less th^ one (0.52 g not ,52 g). 

7. Litre and metre can ^e spelled either with an -re or -er^ending. 

s , 

Si 




Information Sheet 1 



METRIC UNITS, SYpOLS, AND REFEREES ■ , ' METRIC PREFIXES ; | 



Quantity 



Length 



Area 



Volume and 
Capacity 

\ 



Mass 



Metric Unit 



millimetre 



centimetre 



metre 



kilometre 



square 
centimetre 



square metre 



hectare 



millilitre 



litre 



cubic 

centimetre 



cubic metre 



milligr^ 



gram 



kilpgram 



metric ton 
(1 000 kilotiramsl- 



Symbol 



mm 



m 



cm 



ha 



Useful ReferenU 



Thickneis of dime or paper 
clip wire 



Width of paper clip 



Height' of door about 2 m 



12-pnule walking distance 



Area of this space - 



Area of care) table top 



ml 



cm 



mg 



kg. 



Football field including sidelines 
and en^ zones 



Teaspoon is 5 ml 



A little more than 1 quart 



Volume of this container 



A little niore than a cubic yard 



Apple seed about 10 mg, grain- of 
wit, Img ■ '_ 



Nickel about 5g 



Web^r^s Collegiate Dictionary 




THEC 



CCNTlRF0RV(X:AT10NALEW*WTlWjf^^ ) 



Table 1-a 



Multiples and 
Submultiples 


Prefixa ' * 


Symbols 


1 nrin nnn - l 
1 UUU UUU - lU 


m«|ii \ni"|( «) 




1 rtrtri - ift^ 
1 UUU - 1,U 


Iflln [\ii7%\ 


k 


1 Art - 1 ft^ ' 
lUU = lU 




ly = lU 




da 


Base Unit 1 = 10^ 


* 




0.1 = 10"' 


deci{desi) 


d 


0,01 = 10"^ 


centi (s'Jn'ti) 


c 


0.001 = 10'^ 


mip (mil i) 


m 


0,000 001 10'^ 


micro (mi'kro) 





Table 1-b 



a 



k 



LINEAR MEASUREMENT ACTIVITIES 
Metfe, Centimetre, Millimetre 



I. |HE METRE (m) 



1 DEVELOP A FEELING FOl? THE SIZE OF A METRE 

1. Pick up one of the metre . 
sticks and stand it up on the 
floor, Hofd it in place with 
one hand, Walk around the 
stick. Now stand next to 
. thestici?. With your other " 
hand, touch yourself 'where 
the top of the metre stic^ ■ 
comes on you, 



THATISHOWHIGHAKIETREIS! 



2. .Hold one arm out straight 
at shoulder height. Put 
the metre stick along this 
arm until the end hits the 
end of your fingers. IVhere 
is the other end of the 
metre stick? Touch your- 
sel^t that end. - 



THAT IS HOWLON^GAMETRE IS! 
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3. ChoJhe a partner to stand' 
at your side. 'Move 'apart' 
so that you c^n put one" 
end^o^a metre stick on 
• . your partner's sh9ulder ^ 
. aqd.tiieothe|*endon'' 
your shouldpr. Look at. 
the space between you. 



THAT IS THE WIDTH OF A METRE 



■ B. ' DEVELOP' YGUR.ABILITY TO ESTIMATE IN METRES 

Now you will improve your ability to^estimate in metres. \ 
Remember \lhere the length and Wight of a metre was on your " 

For each of the following items: * ' ' 

Estimate the size of the items ^(hd^^vrite yourestimate in the 
ESTIMATE column, Measp the size with yo^netre slick 
and write the answer in the MEASUREMENT colSp. : 

De^ideiiow close your estimate was to the actual measure. If 
yoj^ estimate within 25% of the actual measure you are a 
. ^'Metrici^^^ . ^ . ^ ' 

1^ • ■ - ' " 

\ ' HowQose 
' 1 " Estimate Measurement Were You? - 
■ ■ (m) (m) 

1, ■ Height of door knob 

from floor. ^ _1 • - 

2. Height of door. 

SjAength of table. \ 

/ W4th citable. ' 

5. , Length of wall of • 
this room,, \^ 

6, Distance from \ 
you to wall, , 



i. 



^ Exercise 1 

((|((ntinijied on next page) 
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II. iHECENTIMETREv(fm):'- , ' 

' , T>hpreareipO'(^ntiifip"tfpsinnnpmptr^. inhpfparp4 metrpsand 
- ' ^ VJcentirBPtr^ you writrl03 crti |(4 -x 100 cm) + 3,cm = lOQ cm 

.'a BEVEtoPiJf'ClNGFORtfiESl&EOFAC^^^^^ A. DEVELOP AsFEELING FOR THE SI2E OF A 



III, fHEfMTLukTRE (mm)'/i 

-r-TKprp afp 10 millimptres in on? rpntiinptrp..-,\Vhpn a'mpasiirpmenr)s 
■ 2 centimetres and 5 rfiillimetre's, you write 25 mm [(2 x;l,l) mm) 
+ 5 mm = 20 mm + 5 mm] . ^re are 1 OpOtpm in 1 m, 



' ' • Hold tlie ^^Aric rufer agaM f he width of your thu^aii. ' . ' 
^ ' How^Jideis it? ^ ; - y t:m • * ^ ' 



r 



2. ' msure your thiimb fromH^first joinUp the end: 



n cm 



, * 3'. . Use the metric ruler to, find the width of your palii 



cm^ 



4. ' Measure^r index or pointing finger. How long is it? ' ' 

' cm f . ; , ■ , 

■5, Measure your wrist with a tape measure. What is the distance 

■around it?, -. cm ■ 
'6. Use the tape measure to find y'our waist sjze. 



cm 



B. DEVELQP^6uR A'BILITY TO ESTIMATe'iN CENTIMETRES 



You are nowieady to estimaf? in centimetres. For each of the 
following ItA, follow the procedures used for estjmating in 



metres. 



■ HowClc 
Estimate Measurenient Were]wu? 
(cm) (cm) . 




ERLC 



i Lengthofaf^aper 
clip. 

2. Diameter (width) 
of\^acoin. 

3. width of a 

- ipostage stamp. 

4. Length of a 
pencil. 

5. Width of a sheet 

.<>' • 
' of paper. 
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^U^'i'ng a ruler marked in millimetres, measure: . 

I Thickness ojii paper clip wire. 

y 2. Thickness of your fingernail ^ 
3. ^ Width of your fingernail/ ' ' " ' ^ 



. 4. Diameter. (width)|if a coin. ■ ^ 

5. '• Diameter (thickness) of your r.il9l. 

6. Width of a postage stamp. 



mm 

mm' 

mm- 

mm' 

mm . 



B. DEVELOP YOUR ABILITY TO ESTIMATE IN MILilMETRES 

* You are now ready to estimate in millimetres. For each of the 
following, items, follow th^ procedures used for estimating in 

' metres. • ' 

' ■ . How Close 

J, Estimate Measurement Were You? 

(mm) (mm) ' • 

1,, Thickness of ^ ■ 
, nickel. , V.v ■ *— ■ — — — 

2'. Diametet (thickness) 

of a boll. . ^ — 

3. •'• Length of a bolt. _ . — 

-4. "Widtiiofjsheet" ^ . ' ■ 

ofpaper, 1 — L • — ■ 

'5. Thickness of a board • ' 

or desk top. _ 

6. Thickness of a' ' 

button. • — — — 



Exercise 1 



i 
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AjREA MEASUREMENT ACTIVITIES 
Square Centimetre, Square-Metre 



5 



r, 



WHEN YOU pE^CRIBE ijlf AREA OF SONIETIIING. YOU ARE, 
SAYlk't; HOW m!aN'Y squares OF A Git'EN SIZE IT T;\KES TO 
COVER TH^toACE. ^, 

I THE SQUARE CEI*ltMTRE(cm^)' ^ 



A. DEVELOP A FEl^ING FOR A SQ(ME CENTBIETRE 

♦ . ' • ' I. 

1. Take a clear plastic grid, ojjuse the grid on page 6. 

2. Measure the length and width of gite of t]iesf§mall 
squares with a centin^tre ruler,^-'^ . - ' 

THAT IS ONE SQUARE CENTIMETRE! • 

3. Place your fingernail over the grid. About how many 
squares does it take to cover your fingernail? / 

4. Place a coin over^the grid. About how many squares 



does it take to cover the coin? 



-cm' 



5. Place q postage stamp over tlie grid. About how many 
squares does it take to cover the postage stamp? 



.cm' 



^1 



6. Place an envelope^vet the grid. Aliout how many 
squares does it take to cop the envelope? ' 

cm^ 

^ 7. Measure the length and width/of the envelope in centi- 
metres. Length cm; width cm 

^ Multiply to find the area in'square centimetres. 

cm X ^ . cm = 1 cm^ . How 

close are the answeriyou have in 6. and in 7.? 
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\ B. . .D|;VEi-OR^ ABILITY TO ESTIMATE IN SQUARE ' 
'CENTIMEte 

, • .You are now ready to develop your ability to estimate • 

^ in sqiftre centimetres. " , 

^ ] ■ ■ 

^ ' Remember the si7e of a squwe centimetre, For each/of the 
f following items'./follow the procedures used.for estimating in 
, 'smetres, \ •• ' , 
f • • ^ it ^ ' HowClose 

J , '"' Estimate. Measurement Were You? 

(cmM ,^(cr 



1. Index card, 

2. Book cover. ' 

3. Photograph. 

4. ^ WndOjW pane or 

desk top. ' 



r 




n. THE SQUARE METRE (m^ ) ^ ? 

A." DEVELOP A FEELING FOR A SQUARE METRE 

1 . Tape four metre sticks together to make a square which . 
.is one metre long and one jhetre wide. 

2. Hold the square up with one side on the floor to see how 
big it is. 

3. Place the square on the ,floor in a comer. Step back and 
, 16ok. See how much floor space it covers. 

4. Place th^quarj^ver a table top or desk to see how 
mucfi space it corns. 

5. Place tl^quare against the bottom of a door. See how 
. ihuch ofthe door it'covers. How many squares would it 



take^o cover the door? 



THIS^S HOW BIG A SQUARE METRE I§! 



\ 



Exercise 2 



(continued on nej^page)- 
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B. 



DEVELOP YOUR ABILITY TO ESTlMATE/N SQOARE 
METRES , ; ., 

Youare now ready to estimate in square metres. Follow t\\6 , 
prof! 



'edures used for estimating in metres. 



HojJaose 

Estimate Measurement-. Were You? 



2. 

0 

i 

^ 3. 
4. 

6.- 
7. 



Door.,^ ' f ■ 

Fill sheet of, ^ 
newspaper. 

Challt^oard-^r , 
bulletin board-. 

.Floor. 

Wall. 

Wall char^oi post^^ 
Side of file cabinet 









1. i 












- — «■ 




■ CENTIMETRE GRID 




if 
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Exercise 2 



VOLUME MEASUREMEN'ACTIVITIES 

Cubic Centimetre, Litre, Millilifre, Cubic Metre 

I. THE-CUBIC CENTIMETRE (cm^) • * 

0 

' A. DEVELOP A FEELING FOR THE CUBIC CENTIMETRE 



\ 



. 1. ?ick up a colored plastic cube'. Measure its len^h, 
toight, and width in centimetres. 



(4 



( 



THAT IS ONE CUBIC CENTIMETRE! 
2. Find the volume^ of a plasty litre box. 



\ 



1- 



/ 



a. Place a ROW of tubes against the bottom qi(m side 
of the box. How many cubes fit in the rQ\ 



b. Place another ROW of clibes against an £|^oining side ^ 
of the box. How maiiy rows' fit inside the box 
to make one layer of cubes?. 



How mapy cubes in each ro^_ 



How many cubes in the l3yer in the bottoin of the' 
box? . ■ " ■ { 

c Stand a ROW of cubes up against the side of the box:, 
:,; Ho^w many iSyERS would fit in the box? 

How many cubes in each layer? , 

How many cubes fit in the box altogether? 

THE VOLUME..OF THE BOX IS _CUBIC 

• CENTIMETRES. l 

d. MeasurUhe length, width, and'height of the box in ' ^ 

centimetres, Length'.,.. cm; width _cm; 

height ' ■ . c m. Multiply these numbers to find " 

■ the volume in cubic centimetres. ' 



I 



icmx 



cmx 



cm- 



'cm^ 



Are the artswers the same in c.and d.? 



B. DEVELPP YOUR A*BILlTY TO ESTIMATE INCUBIC 
CENTIMETRES , * . 



You are now ready to deve|pp /our abrlitj^ to estimate ^ 
in cubic centimetres. , ' 

Remenmer the size of a cubic centimetre. For each of -t. 
the following items, use the procedures for estimating in , 
metres, r ' ' 

J . ■ ."Howaole 
Estimate Measurement Were You? . 




,~k Index card file 



^ box. ; c\ 
2. Freezer container. 



(cm^)'' (cm^) 



\ 4 

3. Paper cli^b^x. 

4. Box of staples. 



11. THE LITRE (1) 




A. DEVELOP A FEELING FOR A LITRE '' 

1. Take a one litre.beaker and fill it with water. 

2. Pour the water into, paper cups, filling each as full as you 
usually do. How many cups do you fill? 

THATISHaWMUCHISINONE;,LITRE! . 

3. Fill the j^re container with rice. ^, 

, ^ THAT IsTlOW MUCH IT TAKES TO FILL A ONE 
LITRE CONTAINER! , . • 
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Exercises 

(continued on next page) 



J 



' \ B: . DEVELOP YOUR ABILITYTOESTMTE IN LITRES 

ly^Vou are now ready to deveipp your ability to estimate in \ • 
ntres. To write>o and one-halfvlitres, you write 2.5 1, or ) 
>i2.5 litres. ToMTite one-half litre, j^ou write 0.5 1, or 0,5 ' j 
. • . litre, To writMwo and three-fourths litres, you write ' y 
. ' 2.75 1, or 2.75 litres. \ ' * j / ' ^ ^ 

Fir each of the foIlowinfitemS, use the procedures for , , 
estimating in metres, ' '." ' ' 



B. DEVELOP YOUR.ABILITy TOBSTIMATE IN MILLILITRES 



You are now ready to estimate in millilitres. Follo\{? the 
procejlures used for estimating metres. 



•u 



>^ Estimate Measurement Were You? 



i 



' (1) t (I) 



1. Medium-size 
freezer container 

^ Large freezer 
^-tontainer. 

-f 

3. Small -freezer 
container. 



1. ' Small juicecan. ^ 

2. Paper cup \ teaf 
cup. 1 

3. • Soft drink can. 

4. ?ottle. 



, HowClose 
Estimate Measurement Were You? 
' (ml) (ml) 



1^4. ^ttleorjug. 

-*ni. THEMlULlLITRE(ml) 

There are 1 000 millilitres in onalit^ 
• d litre is 500 millilitres, or 0.5 litre =iOO ml. > 



IV. THE CUBIC METRE (m^) ' 



k.r DEVELOP ^Alincfor a cubic wdi 



= 1 litre. Half 



1. Place a one nietre square on the floor next to the wall. 

Measure a metre UP the wall. 
3. ' ■ Bicture a box that' wouMt into that space^ 
THAT laTHE WLUMETOF ONE CUBIC METRE 




A. DEVELOP A FEELING FOR AMILLILITRE\ 



r 



1. ^Examine a centimetre cube. Anything which holds 
IcmHoldslml, . , ^' 

■'2, Fill a 1 millilitre measuring spoon with rice. Enjpty th^ 
spoon into your hand. Carefully pour.the rice into at- 
small pile on a sheet of papSer. , , 

THAT IS HOW M8CH ONE MILLILITRE IS! ' 

3. Filihe/ ml ?pool| with rice. Pour the^nto another 
pile on the sheetji paper. |f 

, THaI'Is SiOLLILFTRES, OR ONE^TEASPOON! 

4. Fill^e 15 ml spoon with rice. , Pour the rice int? a third 
■ pile on the paper. .) . ■ '• 

THAT IS 15 MILLILITRES, OR ONE TABLESPOON! . 

' ■ . 



■> B. DEVELOP tOUR ABILITY TO ESTIMATE IN CU^ METRES 



For each of the follQwing items, follow the estimatin^roced- . 

..ures used before. V i 

, HowQose 
Estimate Measurenlent Were You? 



1, Office deslc. 

2. File cabinet. 
1 3. Small room. 



(ra^) ^(m^) 




Exercises 



Mass iwe^gh^) meaIsureIient a# 

KilQgram, Got 




\ 



f 




, - 1 ' n 

W mass ol an object is a rfieasur^ of tfieamount of matter in the 
object. This amount is always the samej unless you acid 'or subtract sonie 
matter from the object. Weight fs th^t^rm that most people use, whea 
, they me^ mass. The weight of an^object is affected by gravity; the ^ 
rtuiss of an object is not. For example, tne weight of a person on earth 
might be 120 pounds; that same person *s weignt^on the moon would -be 
20 pounds. This difference if because th'e pull of gravity on the moon 
is less than the pull of grav^y on earlj;^. | person:^ mass on the eartK 
and on'the moon would be the s^k^. The nletric system does not 
measure weight-it measures'mass. We will use the term mass here. 



I 



XJie symbol for gram is g. . , 
The symbol for kilogram, is kg. 
There are 1 000 grams in ojie kilogram, or 1 000 g = 1 kg. 



Half a kilogram can be written as 500 g,Qr 0.5 kg. 

A quarter of a kilograiii can be written as 250 g,or 0.25 kg. 

Two and three-fourths kilograms is \y'ittmas'2.75 kg. 



^.L THE KILOGRAM (kg) 

■ DEVELOP A' FEEING FOR THE iMASS OF A KILOGRAM 

Using a balance or scale, find the mass of the items on the table. 
Before you find the mass, notice how heavy the object ''feels*' ' 
and compare it to the readbg on the scale or balance. 
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1. 1 kilogram bSl-^ \ 

2. v^extbook. 

3. l^of sugar. 

4. Package,of|japer. 

5. Your own mass. 



Mass 



DEVELOP YI^UR Ab(iTY TO ESTIMATE IN KILOGRAMS 

For the fojldWing itermisTIMATE the^mass of the object in 
kilograms, then use the scale or balanae to find the exact mass 
of the object. Write the exact mass inibft^ffi^^SllirEMENT 



column. Determine how close ' 



%timate is: 



How Qose 

Jmate Measurement Were You? 
^ H (kg) ^ 



1. Bag of rice. 

2. Bag of nails. 

3. Large purse or 
briefcase. 

" 4. Another person. 

5. A few books. ' 



Exercise 4 

(continued on next page) 
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II. THEGRAM(g) - 

^il'* DEVELOP ItEELING FCfR 'A GRAM 

. 1 . Take a colored plastic cube.p Hold it in your hand. % 
Shake the tube in your pa^m as if shaking dice. F>H the 
pressure on your hand when the cube is in motion, tlffen 
when it is noi in motion/ f \ 

TH^T^ISHOivHEAVYAGRAMlHk" k: 




:e a second cube and attach it to the first. Snake 
in first one hand and then th'e oth^r hand', fest . 
les near the tips of your fingers, moving your • 
hand'up and down. ' ,) 

THATJS THE MASS OF TWO GRAMS! 

3. Take five cubes in one hand and shake them around. 
THAT IS THE MASS OF FfVE GRAMS! • 



,B., DEVELOP YOUR ABILITY TO llSTIMATE IN GRAMS 



Youarenowready to improve your ability to estimate in ' 
grams. Reifiember how heavy the*l gram^cube is, Ijdw heavy . 
^ the two gram cubes are, and how heavy the fiv^e grain cubes 
Sre. For each of the following iteh^s^ follow^ tjie procedures 
used for estlmating^in kilograms. * ^ ^ . 




Two thtimbtacks. 
Pencil. 

Two-page letter 
and envelope. 



Apple. 

Package of 
margarine. 



' ^ - ; , Hoi<jOose 
Estimate Measurement We^eYou? 
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TEMPERATURE MEASUREMENT ACTIVITIES 



Degree Celsius 



/ 




I. DEGREE CELSIUS To . - 
Degree Celsius ("C) is tlje metri^jj measure for temperature. 

A. DEVELOP A FEELING FOR DEGREE CELSIUS 



Take a Celsius thermometer. Look at the marks on it, 

9 

1. Find 0 degrees. 

WATER FREEZES AT ZERO DEGREES CELSIUS (0°6) 
■ WATER BOILS AT 100 DEGREES CELSIUS (lOO'C) 

2. Find the twnperature of the room. "C. \i the 

room cod, warm, or about right? 

3. Put some hot water from the faucet into a container. . 
'Find the t^inperature. °C. Dip your finger ' 

. quickly in and out of the water. Is the water very hot, 
" hot, or just warm? 

4. .Put some cold water i^ a container with a thermometer. 

Find the temperature. ^ °C. Dip your finger into 

the water, is it cool, cold, or very cold? 

5.. Bend your arm with the inside of your elbow around^he 
bottom of the thermometer. After about three minutes 
find the temperature. _^ °C. Yjour skin tempera- 

, , ture is not as high as your body temperature. 

NORMAL BODY.TEMPERATURE IS 37 DEGREES 
CELSIUS (3fC). 

AFEVERISSS^C. 

(.A VERY HIGH FEVER IS 40''C. 



1. 



DEVELbP YOUR ABILITY TO ESTIMATE IN DEGREES 
CELSIUS , . \ 

For each item, ESTIMATE and write down how many dMees 
Celsius you thiriKit is. Then measure and write the MEASURE- 
MENT. See how close your estimates and actual measure- 
ments are. 

Howaose 

Estimate Measurement Were You? 

" . ' ro ro 

NEx some hot and' < ' ' 

cold water in a ' - 

container. Dip your j| ■ • 

finger into the ▼ 

water.' ' 



Pour out some of 
the water. Addsom6 
hot water. Dip your 
finger quickly into 
the water, 

Outdoor tempera- 
ture. 

Sunny window sill 

Ntxofice and water. 

Temperfiture at 
floor. . 

Temperature at 
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UNIT 



OBJECTIVES 

The student will recognize and use tiie metric 
terms, units, and synAols used in this o(;cupa- 
tion. 

t 

% Given a metric unit, state its use in this 
occupation. 

• Given a mea^tftement-task in this occupia- 
tion, select llie appropriate metric unit 
and measurement tool. 



SUGGESTED^EAra^^ 

1 . Assemble metric measurement tools (rules, 
tapes, scales, thermometers, etc.) and 
objects related to this occupation. 

2. Discuss with students how to read the 
tliots. 

3. Present and have students discuss 
Information Sheet 2 and Table 2. 

4. Have students learn occupationally- 

. related metric measurements by complet- ' 
ing Exercises 6 and 7. * ^ 

5. Test performance by using Section A of 
"Testing Metric Abilities.'' 



METRICS IN-.THIS:OCCUPATiON 



Changeover tb the metric system is under way. Large corporations are already using 
metric measuremeijt to.c6i»pete in the world market. The metric system has Ven used in 
various parts of industrial and sfcientific communities^for yeats. Legislation, passed in 
1975, authorizes an orderly transition to use of the metric system. As businesses and 
industries make tl\is ra^ic changeover, employees will need to use metric measurement 
. in job-related tasks. 



Table 2 lists those metric term* w!)ich are most commonly used in this occupation. 
These terms are replacing the measuretot units used currently. What kinds of job- 
related tasks use measurement? Think of the many different kinds of measurements you 
now make and use Table 2 to discuss the metric terms which replace them. See if you 
" can add to the list of uses beside each metric term. 



\ . 

■/ 
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METRIC UNITS FOR AUTO MECHANICS 



-J ■ 

Quantity 


Unit / ; 


Symbol 


Use 


Length 


' » \' . 
millimetre : 


mni 


shaft ^ejength 




centimetre' 




bearing sizes 


Area 


square centimetre ^ 


2 

cm 


piston head surface 


Volume/capacity 


cubic centimetre 


cm 


cylind^bore 




cubic metre 


m 


work or storage qiace 


■, ^ • A 


J 

millilitre , . 


ml 


• chemicals, lubricant oils 


/ 


; litre ,/^^ ^ ' 


1 


oil, fuel, gasoline storage 


Temperature 


degree-Celsius 




,^ therinoBtats, engine operating 
" temperature ranges, oil temperati 


Mass 


gram 


g 


I 

Y 

tire weights ^ 


• • 


kilogram 


leg ■ 


batteries, engines ^ ^ 




metric ton 


t ■ 


vehicles, load weights 


Bending moment 
* (moment of forc^) . 

* 


newton metre 


N-m 


torque specifications 


rressure/ Vacuu m 


kiloDaflcal 


kPa 


manifold pressure compression, 
air hose pressure 


Velocity 


Idlometies per hour 


icm/h 


q)eed of the vehicle 


♦Energy/work 


Idlowatt-hour 


kW-h 


' work efficiency of an engine 



?Note: Further metric definitions for meclianicj are found in Rules for SAE Use of SI (Metric) Units, Society of Automotive EngineeiB, Inc. • 
, Available: Society of Autamotive Engineerj, Inc., 400 Commpnwealth Dr., WarrendalAPA 15096. 
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TRYIN6 OUT METRIC UNITS' 


■u'f ■ • ... • . 

■ .1 

1 


Tq give you practice with metric units, first estimate the measure^ 
ments of the items below. Write down your best guess next to the item. 
;Then actually measure the item and write down your answeK using the 

' . _ , ♦ ., r .1 '111 




bstimate 


Actual 


— — ~ — 

16. Measuring cup (metric) 






correct metnc symbols/ ihe more you pi 


'actice, tne easie 


ritwiii De» 


17. Milkcontalier 






* 


Estimate 


Actual 


Can of oil 


• 




Length , • 

1 !♦ raimwiutn 


J 




19. Bucket 






2. Hand span 






?0. Small box or package , . >i 






3» Your height 






21. Tool chest 


• 




X \ 

4. Ceilinglieight of this room 




^ 


22. Gasoline can'' 






. j' 

. 0. widtn 01 a paper cup 






Mass 

23. Textbook 






i. Thickness of a nickel ■ 




y 


■ 7. Length of a valve stem , 






24. Nickel ■ " 






8. Width of this room 






^0. lOlpclI 




- 


9. Diameter of a piston head 






26. Paperclip ^ V 






Area ' 

10. Desktop N 






27. A litre of water (net) \ 


• 




no A ^itAMiti^T /\( All ^ 

2o. A quantity 01 Oil 






11. Classroom floor ^ 






> — 

. 12. /Workbench ' 






Temperature 
29. Roomv 






13. Sheet of paper 






30, Outside 






14. Parking space 






' C31. Hot tip water 
_t — 






• Volume/Capacity » 

15. SmaU bottle , , 







32. Ice water ' 







• ;ERLC 
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^ KEEP IT RUNNING WITH METRICS 
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It is iniportafnt to know what metric measurement to use. Show 
what measurement to use in the following situations, , 


1. The stroke ot a piston 




2. Length 6ffe fuel line ' 




3. Lengthofafanbelt 




4. Diameter of a ck shaft | 




5. Volume of a fuel tank 




6. Capacity ofanscetylene cylinder 




. ) 

7. Amount of water in a radiator 




8. Mass of battery fluid in a 12- 
volt battery 


• 


9. Tire pressure for automobile 




10. Crankshaft main journal size 




11. Bore of a cylinder 




12'. Volume of oil for crank case ■ 




13. Capacity of a radiator , 


■ j 


14. Temperature of cooling system 
while idline engine 


\ 


15. Mass of small engine 




16. Length ofiexhaust pipe ; 




17. Spark plug gap 

V 





1'8. Diameter of a piston head 



19. Distance from shop or store 
to your home 



20. Length of positive battery cable 
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UNIT 




OBJECTIVE' 



The student will recognize and use met- 
ric equivalents. 

• Given a metric unit, state an equivalent 
in a larger or smalle^tric unit. 



SUGGESTED TEACHING SEQUENCE 

1. ^&ke available the Information Sheets 
(3 • 8) and the associated Exercises. 

(8 • 14), one at a time. / 

2. As soon as you have presented the 
Information, have the students complete 
each Exercise. 

3. Check their answers on tlie page titled ■ 
• ANSWERS TO EXERCISES AND ■ 

TEST. > 

4. Test performance by using Section B of 
"Testing Metric Abilities." 



( METRIC-METRIC^QUIVALENTS 
Centimetres and Millimetres 




1 2 3 4 5 6 





5 6 



Look at the picture of the nail n^t to the ruler. The nail is 57 mm long. This is 5 cm + 7 mm, 
There are 10 mm in each cm, so 1 mm = 0.1 cm (one-tenth of a centimetre). This means that 
7 mm = 0.7 cm, so 57 mm = 5'cm + 7 mm 
= 5cm + 0.7cm 

= 5.7 cm. Therefore 57 mm is the same as 5.7 cm. 

Now measure the paper clip. It is 34 mm. This is the same as 3 cm + mm. Since each 

millimetre is 0.1 cm (one-tenth of a centimetre), 4 nim = / cm. So, the paper clip is 
34 mm? 3 cm + 4 mm ^ • 

- 3cm + 0.4cm 

= 3.4 cm. This means tljat 34 mm is .the same as 3.4 cm. ^ ^ 



Information She^t 3 



Now you try sonte. 

a ) 26 mm = , 

b ) 583 mm ' . 
; c ) 94mm= , 

d) 680mm--. 



.cm 
.cm 
.cm 
.cm 



e) 132inm = 

f) 802mm = 



, cm 
cm 



g) 1 '400 mm = 

h) 2307mm = cm . 



Exercise 8 
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Metres, Centimetres, £md Millimte ' . 

TWere are 100 centimetres in one metre. Thus, ^ ' 

. ''2in« 2il(IO,cm» 200cm, ' 
, ■3m" 3»100cm" 300cm, 
8m« 8xl00c)in« 800cm, 
36 m '36x 100 cm = 3 600 cm, I 

There are 1 OOOmillimetresin one metre, so 

2m' 2xl 000mm« 2000mm, 
3m= 3xl 000 mm' 3000 mm, 
6m' SxlOOOmra" 6000 mm, ' 
^ 24 m '24 x 1 000 mm '24 000 mm. J ' 

From your work with decimals you should know that 

one-half of a metre can be written 0.5 m (five-tenths of a metre), 
one-fourth of a centimetre can be written 0,25 cm 

(twenty-five hundredths of a centimetr§). 

'j 

This means that if you want to change three-fourths of a metre to 
millimetres, you would multiply by 1 OOO. So , ' \ 

0,75 m= 0.75 x 1 000 mm 

75 ' 
- jqqX 1000 mm ^ ■ ; 

1000 
= 75 X 100 

» 75x10 mm 

= 750 mm, This means that 0.75 m = 750 mm, 



Information Sheet 4 



Fill in the following chart. 



metre 


centimetre 


millimetre 


m 


cm 


mm 


1 


100 


1000 


2 


200 




3 






9 










5000 


74 






'■■-0.8"" 


"""80""" 




0.6 




fiOO 




2.5 


25 






148 , 




639 
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Millilitres ta Litres ' 

1 

Jhere are 1 000 millilitres in one litre. This means that 

2 000 millilitres is the same as 2 litres, 

3 000 ml is the same as' 3 litres, i 

' 4 000 mlis ihe sarpe as 4 litres, ^ 

12 000 ml is the same as 12 litres. 

..... . ■ .'«..,. 

Since there are 1 000 millilitres. in each litre, one way to change milli- 
litres to litres is to divide by 1 000, For example, 



Or 



■1000 

1000 ml -TliOO'i'^'l'i'"'' 
$000 

2 000 ml 'YgoQ litres "2 litres,- 



And, aj a final example, ^ 

28.00W ' „„„ 
28000 ml « 1^ litres = 28 litres. 



What if something holds 500 ml? How many litres is this? 'This| 
worked the sami way. ■ 



J , 500 ml litre = If've-ten'hs of a litre ). So 500 mf 
istlles^lmeasone•^lal^(0,5)ofalit|;p, . 

• 

Change 57.^illilitres to litres. S-^ , ^ 

57 ml -—51 litre > 0.057iitre (fifty-seven thousandtlisofa 
litre), ^ 



Information Sheet 5 

Now you try some. Complete the following chart. 



6 



millilitres 
(ml) 


litra 

(i) 


3000 


3 


6000 






8 


14 000 






2i ' 


3UU. 


0.3 


700 






0,9 


250 






0,47 


. 275 
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Litres to Millilitres 



4/ 



What do you do if you need to change litres to millilitres? Remember, 
there are 1 000 millilitres in one litre, or 1 litre = 1 000 ml. 



So, 



2 litres = 2 x 1 000 ml = 2 000 ml, 
. 7 \ litres = 7 x 1 000 ml = 7 000 ml j 
13 litres =13 x 1 000 ml =13 000 ml, 

0.65 litre = 0.65 x 1 000 ml = 650 ml. 



Information Sheet 6 



Now you try some. Complete the following chart, 



X 



litres 


millilitres 


1 


ml 


8 


8000 


. 5 




46 






32 000 


0.4 




0.53 






480 



Exercise H 



Grams to Kilograms 

There are 1 000 grams in one kilogram. This means that 

2 000 grams is the same as 2 kilograms, 
5 000 g is the same as 5 kg, 
/OO g is the same as 0.7 kg, and so on. 

To change from grams to kilograms, you use the same procedure for 
changing from millilitres to litres. 



Try the following ones. 



Inforpiation Sheet 7 



grams 
t 


Idlopms 
kg 


4000 


4 


9000 




2300O 






8. 


m 




275, 





Exercise 12 
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Kilograms to Grams 

To change kilograms to grams, you multiply by 1 000. 

-I kg= 4 xlOOOg=' 4 000g. 
23 kg = 23 xl 000 g = 23 000g, 
0,/5kg= 0.75xlUUUg= 750 g. 



Information Sheet 8 



Complete the following chart 



kilograms 
kg 


grams 
g 


7 


7000 


11 






25000 


0,4 




0,63- 






175 



Exercise 13 



Changing Units at Work 



Some of the things you use in this occupation may be measured in 
different metric units. Practice changing each of the following to 
metric equivalents by completing these statements. 



a ) 50 cm of hose is 

b) 4250 ml of solution is 

c ) 5 cm diameter hose is 

d ) 2500gofgrqaseis_ 

e ) 120 mm of bar' steel is _ 

f ) 0.25 htre of motor oil is ^ 

g) 2000kgofsandis 



h ) 0.5 litre of concentrate is. 

i ) 500 g of solder is 

j ) 500 ml of brake fluid is_ 

k ) 0.5 1 of floor sweep is ^ 

\ I lO'mofwireis, 



m ) 2.5 cm diamter pipe is, 

' n ) 2 400 mm wall panel length is_ 



m 
J 
mm 

!kg 
cm 

[ml 

't 

ml 

.kg 
.1 

_ cm 
_ mm 

cm 
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OBJECTIVE 



■ > The student wiirrecgonize and use 
instruments, tools, and devices for meai 
surement tasks in this occupation. 

• Given metric and Customary tools, 
instruments, or devices, differentiate 
between metric and Customary. 

• Given a measurement task, select ■ 
and use an appropriate tool, in- 
strument or device. 

• Given a metric measurement task, 
judge the metric quantity within 20% 
and measure within 2%'accuracy, 

SUGGESTED TEACHING SEQUENCE 

^. Assemble metric and. Customary measur- 
ing tools and devices (rules, scales, "-C 
thermometer, drill bits, wrenches, mi- 
crometer, vernier calipers, feeler gages) 
' anil display in separate groups at learning 
stations. 

2. Have students examine metric tools and 
instruments for distinguishing character- 
istics and compare them with Customary 
tools and instruments, 

3. Have students verbally describe charac- 
teristics. Iv . 

4. Pfesent or make availably Information 
' Sheet 9. 

5. Mix metric and Customary tools or 
„ ' equipollent at leairning station, Give 

students Exercises 15 and 16, 

6. Test performance by using Section C 
■ ■ of "Testing Metfic Abilities." 



SELECTING AND USING 

METRIC INSTRUMENTS , TOOLS AND DEVICES 

Selecting- an injproper tool or misreading a scale can result in an improper sales form, 
. damaged materials, or injury to self or fellow workers. For example, putting 207 pounds per 
square inch of pressure (psi) in a tractor tire designed for 207 kilopascals (about 30 psi) could 
cause a fatal accident. Here are some suggestions; 

1. Find out in advance whether Customary or metric units, tools, instruments, or pro- 
ducts are needed for a given task. 

2. Examine the tool or instrument before using it. 

3. The metric system is a decimal system. Look .for units tnarked off in whole numbers, 
■ tens or tenths, hundreds or hundredths. ' 

4. Look for metric symbols on the tools or gages such as m, mm, kg, g, kPa, etc.' 

5. Look for decimal fractions (0,25) or decimal mixed fractions (2.50) rather than com- 
mon fractio ns ( 3/8) on drill bits, feeler gages, etc, 

I 

6. Some products may have' a special metric symbol such as a block M tg show they are 
metric, , 

J. Don't force bolts, wrenches, or other devices which are not fitting properly. 

8. Practice selecting and using tools, instruments, and devices. 
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Informkion Sheet 9 



WHICH TOOLS FOR THE JOB? 

Practice and prepare to demonstrate your ability to identify 
select, and use metric-scaled tools and instruments for the tasks given 
below. You should be, able to use the measurement tools to the appro- 
priate precision of the tool, instrument, or task. 

Select and demonstrate or describe use of tools, instruments, or 
^evicesto: 

1. Determine the necessary shop floor space to park i 
conventional size automobile. 

I 

2. Replace water pump and heater hoses. 
I 3. Determine the free-travel in the clutch pedal. 

4. Measure fuel pump pressure. 

5. Perform a compression test on an engine. 

6. Pull the head of an engine, replace head gasket, and 
replace head. 

; 7. Adjust valve settings. 

8. Describe the difference between a Customary and 
a metric crescent wrench. 

9. ^Replace brake lines. 
^' 10. Renew an exhaust system. 



MEASURING UP IN AUTO MECHANICS 



For the ta^ks below, estimate the metric measurement to 
withi^O% of actual measurement, and verify the estimation 
by measuring to, within 2% of actual measurement. 



6 


Estimate 


^ Verify . 


1. Wcfrk space or bench large 
djough to work on engine 
ofaatompbile. 






2. Volume of tool box. 






3. Floor area of classroom or 
workspace. 




^ ,1 


4. Find the largest available 
entry into classroom. 






5. Volume of an engine cylinder. 






6. A fuel line required 600 mm of 
tubing. From several cut pieces, 
select the piece for the job with 
the least waste. 






7, Select new bearing to fit a ' , 
'crankshaft. 






8. Select the amount of fluid for , 
brake master cylinder. 






9. Change the spark plugsV 






10. Select the amount of oil for 
a complete oil change. 


4 






r 



OBJECTIVE 

r _ ■ 

The student will recognize and use metric 
and Customary units interchangeably *in order- 
ing, selling) and using products and supplies m 
this occupation. 

• Given a Customary (or metric) measure- 
ment> find the metric (or Customary) 
equivalent on a conversion table. 

• Given a Customary unit, state the re- 
placement unit. 



SUGGESTED TEACHING SEQUENCE 

1 . Assemble packages and containers of 
materials. " 

2. Present or make available Information 
Sheet 10 and Table 3. . , 

3. Have students find approximate metric- 
Customary equivalents by using 
Exercise 17. 

4. Test performance by using Section D of 
"Testing Metric Abilities." 
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METRIC-CUSTOMARY EQUIVALENTS 



During the transition period there will be a need for finding equivalehts between systems. 
Conversion tables list calculated equivalents between the two systemV When a close equivalent 
is needed, a conversion table can be used to find it. Follow these steps\ 

1. Determine which conversion table is .needed. 

2. Look up the known number in the appropriate column; if not listed, find numbers you 
' can add together to make the total of the known number: 

3. Read t!jeequivalent(s) from the next column. 

Table 3 on the next i*ge gives an example of a metric-Customary conversion table which 
you can use for practice in finding approximate equivalents. Table 3 can be used with Exercise . 
17, Part 2 and Part 3. 

Below is a table of metric-Customary equivalents which tells you what the metric Replace- 
ments for Customary units are.* This table can be used with Exercise 17, Part 1 and Part 3. The 
symbol* means "nearly equal to," , 



1 cm 


* 0.39 inch 


1 inch ~ 2,54 cm 


lml*0.2tsp 


Im 


* 3.28 'feet 


1 foot * 0.305 m 


1 ml * 0.07 tbsp 


Ira 


=t 1.09 yards 


1 yard * 0.91 m 


11*33:8 floz 


1km 


=s 0.62 mile 


1 mile * 1.61 km 


1 1 * 4,2 cups 


1 cm" 


* 0.16 sq in 


1 sq in 6.5 Hcm^ 


1 1 * 2.1 pts ■ 


im? 


*10,8sqft 


Isqft'^O.oirW 


11* 1,06 qt 


Im^ 


* 1.2 sqyd 


Isqyd'^O.Sm^ 


1 1 * 0.26 gal 


1 hectare 


2.5 acres 


1 acre === 0,4 hectare 


1 gram * 0.035 oz 


Icm^ 


* 0.06'cu in 


1 cu in =^ 16,4 cm^ 


1 kg * 2,2 lb 


Im-^ 


=s 35.3 cu ft 


l eu ft* 0.03 m^ 


1 metric toi/* 2205 lb 


im' 


=s 1.3cuyd 


lcuyd*0,8m^ 


1 kPa * 0.145 psi 



Itsp^ 
1 tbsp ■ 
Ifloz^ 
1 cup ■ 
Ipt^ 
Iqt^ 
Igal 
loz 
lib 
1 ton 
Ipsi 



5 ml 
:15 ml 
: 29,6 ml 
237 ml 
: 0.47 1 
0.951 
: 3.791 

:28.3g 

:0.45 kg 
:907.2 kg 
: 6.895 kPa 



*Adapted frnmXf Cs )\mm Mnt. \ Teacher's Mwduclion to Metric Measurement. Division of Educational 
Redesinnand Renewal, Oliio Department of Education, 65 S. Front Street, Columbus, OH 43215, 1975. 
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CONVERSION TABHES 



MILLIMETRES TO INCHES 



nun 


Inches 


mm 


Inches 


mm 


Inches 


mm 


Inches 


100 


3.93-' ; 


10 


0.39 


1 


0.04 


0.1 


. 0.004 


200 7.87 


20 


0.79 


2 0.08 


0.2 0.008 


300 


11.81 


^ 30 


1.18 


3: 0.12 


0.3 


^ 0.012 


400 


15.74 


-r 

40 


1.57 ■ 


4 


0.16 


, 0.4 , 


0.016 


500 


19.68 


50 


1.97 


5 


0.20 


0.5 


0.020 


500 


23.62 


60 


2.36 


6 


.0.24 


0.6 


0.024 


*700 


27.56 


70 ' 


2.76 


7 


0.28 


0.7 


, 0.028^ 


800 


■ 31.50 


80 


3.15 


8 . 


0.31 


0.8 ".0.031 




35.43 


90 


3.54 


9 


0.35 


, 0.9 


0.035 



1 000 mm or 1 metre = 39.37 inches 



INCHES TO MILLIMETRES 



H" 


mm 


Inches 


mm 


Inches 


-mm 


bcbes 


mm 




25.4 


0.1 


2.54 


.01 


0.25 


.001 


0.03 


2 


50.8 


0.2 


5.08 


.02 


0.51 


.002 


0.05 


3 


76.2 


0.3 


7.62 


.03 


0.76 


.003 


0.08 


. 4 . . 


101.6 . 


0.4 


10.16 
-hM 


- .04 1.02 


.004 


0.10 


5 


127.0 


' 0.5 


12.70 


.05 


1.27 


.005 


0.13 


6 


152.4 


0.6 


15.24 


.06 , 


1.52 


.006 


0.15 . 




177.8 


0.7 


17.78 " 


.07 


1.78 


.007 


0.18 


B 203.2 


0.8 20.32 


.08 


2.03 


.008 


0.20 


9 228.6 


0.9 


22.86 


> :o9 


2.29 


.009 


0.23 



10 inches = 254 mm 



' ■ ■ 12 inches or 1 feet = 304.8 mm or 30.48 cm 
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ANY WAY YOU WANT rr 



1. You are working in a repair shop or auto parts house. With the 
change to metric measurement some ofthe things'you order, sell 
or use are marked only in metric units. You wiUneed to be 
famiar with appropriate Customary equivalents in order to 
communicate with customers and suppliers who use Customary 
units. To develop your skill use the Table on Information Sheet 
10 and give the approximate metric quantity (both number and 
unit) for each of the following Customary quantities. 



Customary Quantity 


Metric Quantity 


a )21bs.ofheavylube 




b )4qts. of brake fluid 




c ) 3/4 in. pipe 




d ) 10 Ibs; of sawdust 


7 


e )18in. bar steel 




f ) two-gallon can 




g)30ft. of air hose 




h)4fl.oz. of additive 




i ) two-mile distance 




i )2in.bolt .j ■ • 




k)2fl.ozr6f8ilicone-spr^y 




1 ) lib. of hand cleaner 




m) 1 gal. of solvent 


♦ 


n) 1ft. length of hose 




o)l/4in.driUbit 


Jl ■ 



2. Use the conversion tables from Table 3 to convert the following: 



a) 254mm = in. 


d) 2.25 in. = mm . 


' .b) 0.025 in. = mm 


e) 0.25 in. = mm 


c ) 7.1mm = in. 


f ) 10 in. = mm 




g) 


0.008 in. = ( 


mm 


i ) 250 mm = in. 


h) 


152 mm = 


in. 


j ) 1000mm= in. 



7 



3. Complete the Requisition Form using the items listed. ' Convert 
the Customary quantities to metric before filling out the fomj. 
Complete all the information (Date, For, Job No., etc.)-. 

Requisition one of each of the following: 

a) 25 ft.'pf 5/16 in. fluid hose ' jl 

b) 12 fl. oz. spray can of paint . W-:,';, 

c) 5 lb. spool of 50/50 polder , -v - y^! .' ' 

d) 1ft. by 2 ft. piece of gasket material ' ', 

e ) 1 gal. of parts cleaning solvent , /: 



For 


REQUISITION 

Date • * 




Job No. 




' ( ' ' 'i • 
Date Wanted 


•Deliver to 








QTY 


UNIT 


ITEM 








R£!liuested bv 


Approved^y 








^ 1 
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SECTION A 

1 . Ooe kilogram is about Ihe mm 
of a: 

[A] nickel 
[B| apple seed 
\{Ci basketball 



8. The correct way to write twelve 
thousand mlHimetres is: 

[A] 12.000 mm. 

[B] 12.000 mm 
' [C| 12 000mm 

|D| 12000 mm 



(D| Volkswagen "Beetle" SECTION B 



2. A square metre is about the 
area of: ' 

[A] this sheet of paper 

[B| a cai4 table top 

[C] a bedspread 

|D1 a postage stamp 



3. Fuel pump pressures of automobile 
engines are normally given in: 

/[lA] kilometres 

[B I grams per cubic centimetre 

, [C] kilopascals 

[Dl kilolitres 



4. Torque pressure is meiured in: 
[A] newton metres 
(B| kilopascals 
[C| grams per metre 
[D] centimetres ^ 



5. The correct way to write twenty 
grams is: 



|A1 20gms 
|B1 50Gm. 
(CI 20 g. 
[D1.20g 



7. A part 20 centimetres long also 
has a length %f: 

, [A] '2 000 millimetres 

• |B] 200 miHimetres 

[C] 2 millimetres 

[D] .0.2 millimetre 



g. Seven hundred fifty grams of 
heavy gear lube is the same as: 

[A] 0.75 kilogram 

[B] 750 000 kilograms 

[C] 7 500 kilograms 

[D] 7.5 kilograms 

SECTION C 

9. For measuring in millimetres you 
would use a: 

[A] ^container 

[B] pressure gage 
[Cj rule 

jD] scale 

10. For measuring kilopascals you 
would use a: 

[A] pressure gage 

(Bl rule 

[C] scale 
[D| container 



^Tf THIC 



11. Estimate the length of the line 
segment below: 

h 1 



Use this conversion table to 
answer questions 15 and 16. 



[A] 23 grams 

[B] 6 centimetres; 

[C] 40niillimetr^s 
[D| 14 pascals 



12, Estimate the length of (he line 
segment below: \^ 



[A] 10 miHimetres 4i 

[Bl 4 centimetres 

[C] 4 pascals 

[D] 23miHigrams 

sicTIOND 

13. The metric unit tor liquid pleasure 
which replaces the fluid otoce is: 

[A] hectare | 

|B] millilitre • 

[C] litre 

[D] gram ^ 



14, The metric unit for liquid measure 
which replaces the gallonas: 

\ ■ 

[Al gram 

[B] kilogram 

[C] kilolitre ' ^ 
[Dr litre ' 



nun 


in. 


mm in. ' 


100 


3.94 






200 


7.87 


20 


0.79 


300 


11.81 


30' 


1.18 


400 


15.74 


40 


1.57 


500 


19.68 


50 


1.97 


600 


23.62 


60 


2,36 


700 


27.56 


70 


2;76 


'800 


31.50 


80 


3.15 


900 


35,43 


90' 


3.54 



15. The equivalent of 610 mm is: ' 

[A] 61 in. ■ 

[B] 24.01 in. 

[C] 6.10 in. ^ 

[D] 30 in. , , 

16. The equivalent of 460inm is: 
(A] 12.34 in? 

[Bi 24.00 in. 

[C] 11.41 in. 

(D] 18.10 in. / 
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EXERCISES 1 THRU 6 

' ' The answers depend on .the items 
• used for the activities. 

EXERCISE" ^ 



Currently accepted metric units of 
measurement for each question are 
shown in Table 2, Standards in each 
.occuprfion are being established 
now. 50 answers may vary. 



EXERCISE 8 



a) 
b) 
0 
d) 



2.6 cm 
58.3 cm 

9,4 cm 
68.acm 



e) • 13.2 cm 

f) 80.2 cm 

g) 140.0 cm 

h) 230.7 cm 



EXERCISES 9 THRU13 

Tables are reproduced in total An- 
■ swers are in parentheses. 

Exercise 9 



metre 


centimetre 


millimetre 


m 


cm 


/ mm 


r 


100 


■ 1000 


2 




(2000) 


3 


m 


(3000) 


9 


(9001 


(9 000) 


(5) 


' (500) 


, 5 000 


74 


(7 400). 


(7,4 000) 


0,8 


80 


. (800.) 


0.6 


(60) 


600* 


(0.025) 




25 


(0,148) 


(14.3^ 


148 ^' 


(6,39) 


639 J 


(6 39^ 



Exercise, 10 



millilitres 


btres 

1 


ml 


3 000 


3 


6 000 


(6) 


(8 000) 


8 


(14 000) 


(14) 


(23 000) 


■ 


300 


0.3 


700 


(0.7) 


(900) 


0.9 


250 


(0.25) 


. (470) 


■ 0.47 


. ^ 275 


(0.275) 


Exercise 11 


litres 


millilitres 




ml 


8. - 


8 000 


5 


(5 000) 


46 


(46D00) 


/ (32) 


32 000 


- 0.4 ■ 


(400) 


• 0.53 


(530) 


■ W8) 


480 


Exercise 12 ' 


grams 


kilograms 


=^ 


kg 


\m 




9 000 




23 0(i0 , 


^23) 


18 0001 , 


/ 8 


300/ 


• (0.3) 


275 \ 


(0.275) 



.ERIC 
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Exercise 13 



kilograms 
kg 


. grams 

g 


)^ 


'/OOO 




(11 000) 


(25) 


25 000' 


0,4 


(400) 


0.63 


(630) 


(0.175)' 


175 



Exercise 14 

a) 0.5m h 

b) 0.25 litre i 
■ c ) 50 mm j 
d.) 2.5 kg k 

e) 12 cm 1 

f) ; 250 ml m 

g) 2t ' n 



500 ml 
0.5^cg, 
0.5 atre 
500 kg 
1 000 cm 
25 mm 
240 cm 



EXERCISES 15 AND ?fr 

The answers depend on the 
items used for the activitjfes. 



EXERCISE 17 
Parti. 

a) 0.9kg i 

3.8 litres j 

c)\ 1.905cm k 

■d)\4.5kg \l 

e ) k5.72^cm m 

f) 7.58 litres n 
g') 9il6m 0 
h) lk4ml 



Part 2. 



a) 
b) 
c) 
d) 
«) 



10.00 in. 
0.64 mm 
0.284 in. 
57.15 mm 
6.35 mm 



f^ 254 mm 

g) 0.20 mm 

h) , 5.98 in. 
i ), 9.84 in. 

j ) 39.37 in. 



Part 3. 



a) 7.625.mof.794cm 

b) 355.2 ml 

c) 2.25 kg 

d ) 0.305 m by0.61 m 

■e) 3.79 litres 



TESTING METRIC ABILITIES 



1. C 

2. B 

3. C 

4. A 

5. .D 

6. D 

7. B 

8. A 



9. C 

10. A 

11. B 

12. A 

13. B 

14. D 

15. B 

16. D- 



3.22 km 
5.08 cm 
59.2^1 
0.45 kg 
3,79 litres 
0.305,m . 
0.635 cni \ 
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Suggested metric tools and devices 

NEEDED TO COMPLETE MEASUREMENT TASKS 
IN EXERCISES 1 THROUGH 5 

(* Optional) 



LINEAR 

Metre Sticks 

Rules, 30 cm 

Measuring Tapes, 150 cm 
' . ""Height Measure 
, *Metre Tape, 10 m 

••ftundle Wheel 
' *Area Measuring Grid 

VOLUME/CAPACITY 

*Ne8tmg Measures, set of 5, 
SOmMOOOmI 

Economy Beaker^set of 6, 
SOmMOOOmI 

MetricSpoon,setof5, 
lml-25ml 

I l)ry Measure, setoff; ' 
50,125,250ml 

Hastic Litre Box 
Centimetre Cubes . 




MASS 

Bathroom Scale 
*Kilogram Scale 
*Platform Spring Scale , 
5 Incapacity 
lOkgCfapacity; 
Balance Scale with S'piece 

massset 
^Spring Scale, 6 kg Capacity 

TEMPERATURE 

Celsius Thermometer 
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SUGGESTED METRIC TOOLS AND DEVICES 
NEEDED TO COMPLETE OCCUPATIONAL 
MEASUREMENT TASKS 

In this occiipation the tools needed to complete Exercises 6, 
15,andl6ar^dicatedby V 



* A. Assorted Metric Hardware-Hex nuts, washers, screws, 

cotter pins, etc. . 

* B. Drill Bits-Individual bits or sets,! mm to 13 mm range 
C, Vernier Calipeir-Pocket slide type, 120 mm range 

* ,D. Micrometer-Outside micrometer caliper, 0 mm to 25 mm 

' range 

* E. Feder Gage-13 blades, 0.05 mm to 1 mm range 

F. Metre Tape-50 or 100 m tape 

G. Thermometers-Special purpose types such as a clinical 
thermometer 

H. ' Temperature Devices-Indicators used for ovens, freezing/ 
coobng systems', etc. 

* L Tools-Metric open end or box wrench sets, socket sets, 



J. Weather Devices-Rain gage, barometer, humidity, wind 
velocity indicators 

* k. ' Pressure Gage8-^"ire pressure, air, oxygen, |ydraulic, fuel,. 

etc. ■ ■ 

L 'Velocity-Direct reading or vane type meter 
M. Road Map-State and city road maps 

* N. Containers-Buckets, plastic containers, etc., for mixing 

and storing liquids 
0. Containers-Boxes, buckets, cans, etc., fokiixing and 



Most of the above items may be obtained from local industrial, 
hardware, and school suppliers. Also, check with your school district's 
math and science departments and/or local industries for loan of their 
metric measurement devices. 



'Measuring devices currehlly are not available. Substitute ^ivices (i.e., thermometer) 
may be used to complete the measurement task. 



Let's Mmurt Metric. ATeQchenlnlroducliontoMetricMemmint Divi- 
sion ot Educational Redesign and Renewal, Ohio Department of Educa- 
tion, 65 S. Front Street, Columbus, OH 43216, 1975, 80 pages; )1.50, 
must include check to state treasurer. 

-Activity-oriented introduction to the metric system designed for indepen* 

dent or group inservice education study. Introductory information about 
metric measurement; reproducible exercises apply metric concepts to 
common measurement situations; laboratory activities for individuals 
groups. Templates for making metre tape, litre box, square centimetr 

Mmuring with Metm, or, How to Wigh o Gold Brick with a Meter-Stick 
Metrication Institute of America, P.O. Box 236, Northfield, IL 60093, 

1974, 23 min., 16 mm, sound, color; $310.00 purchase, $31.00 rental. 

I* 

Film presen^jmits for length, area, volume and mass, relating each unit 
to many comrnon objects. Screen overprints show correct use of metric 
symbols and ease of metric calculations. Relationships among metric 
measures of length, area, volume, and mass are illustrated in interesting 
and unforgettable ways. 

Metric Education, An Annotated Bibliography for Vocational, Technical and 
Adult EducatioK Product Utilization, The Center for Vocational Edu- 
cation, The Ohio State Univ^ty, Columbus, OH 43210, 1974, 149 
pages; $10.00. 

Comprehensive bibliography of instructional materials, reference mate* 
rials and resource list for secondary, post-secondary, teacher education, 
and adult basic education. Instructional materials indexed by 15 occu* 
pational clusters, types of materials, and educational level. 

Metric Education, A Position Paper for Vocational Technical and Adult Edu* 
cation. Product Utilization, The Center for Vocational Education, The 
Ohio State University, Columbus, OH 43210, 1975, 46 pages; $3.00. , 

Paper for teachers, curriculum developeis, and administrators in voca- 
^ tional, technical and adult education. Covers issues in metric education, 
the metric system, the impact of metrication- on vocational and technical 
education, implications of metric instruction for adult basic education, 
and curriculum and instructional strategies. 

Metrics in Career Education, Lindbeck, John R., Chades A. Bennett Company, 
Inc., 809 W. Detweiller Drive, Peoria, IL 61614, 1975, 103 pages, $3.60, 

paper; $2.70 quantity school purchase. 

*- ■ 

Presents metric units and notation in a well-illustrated manner. Individual 
chapters on metrics in drafting, metalworking, woodworking, power and 
energy, graphic arts, and home eajftnomics. Chapters followed by mixA 
learning activities for student use. Appendix includes conversion tables 
and charts. 

Metric Practice Guide ASTM E 380'72e, American Society for Testing and 
^ Materials, 1916 Race Street, Philadelphia, PA 19103, 1972, 34 pages, 
$1.50, paper. 

Detailed presentation on SI units and symbols, style and usage, rules for 
conversion and rounding. Appendices on terminology, development of 
O . SI units, and conversion facton Includes current base and derived 81 
\JC units, and approved deviation from 81. 



Taking the Trick$ Out of Metrics, Metric Training Department, Cmtiva ' 
Universal, Inc., Tower 14,:|l700 Northwestern Highway, Southfield, Ml 
48976, 1976, 4 bookleU; $3,00 each, $12.00 set, dilcounts. 

Series of booklets presents step-byitep directions, questions, answers on 
how to read metric measurement toolsu micrometen, vemies calipers, luks, 
dial indicaton. 

METRIC SUPPLIERS 

Brown k Sharpe Manufacturing Co., Precision Park, North Kingstown, RI 02852 

Industrial quality micrometers, steel rules, screw pitch and thickness gages, 
squares, depth gages, calipers, dial Indicators, conversion charts and guides. 

Dick Blick Company, P.O. Box 1267, Qalesburg, IL 61401 ^ 

Instructional quality rules, tapes, metre sticks, cubes, height measures, 
trundle wheds, measuring cups and sppons, personal scales, gram/kildgram 
scales, feeler and depth gages, beakers, thermometers, kits tnd q|ier aids. 

The L. S. Stanett Company, 121 Crescent Street^Atbol, MA 01331 
* 

Machine tool precision measuring devices, micrometers, calipers, dial 
indicators, steel rules. ' > 

Snap-on Tools, 8074-A 28th Avenue, Kenoaha, WI 53140 

Metric automotive hand tools. 



INFORMATTpNiOURCES 

American National Metric Council, 1626 Massachusetts Avenue, N.W., Washington/ . 
DC 20036 

Charts, posters, reports and pamphlets, Metric Reporter newsletter. National' *J'' 
metric coordinating council representing industry, government, educatioui ' ^ 
professional and trade organizations. < . * ' 

Society of Automotive Engineers, Inc., Two Pennsylvania Plasa, New York, NY lOOOI 

Pifofessional association. Publications conceniing product standaroilandm^^^ 
practices in automotive technology. ^ 

National Bureau of Standards, Office of Information Activities, U.S. Department Ik * ; 
Commerce, WashingtoiivDC 20234. . ^ ' > Vnt 

and inexpensive- metric charts and publications, also lends isims ipil ' 



displays. 
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